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COOLING-ASSISTED INSIDE NEEDLE
CAPILLARY ADSORPTION TRAP DEVICE
FOR ANALYZING COMPLEX SOLID
SAMPLES USING NANO-SORBENT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to an Iran
Application Serial Number 1394501400030071°73, filed on
Sep. 24, 2015, enftitled “A cooling-assisted inside needle
capillary adsorption trap (CA-INCAT) device prepared by
clectrodeposition of nanoparticles for analyzing of volatile
and semi-volatile analytes 1n complicated samples” and
1ssued as Iran Patent Number 88478, the entire content of
which 1s incorporated herein by reference.

TECHNICAL FIELD

This application relates generally to a Cooling-Assisted
Inside Needle Capillary Adsorption Trap (CA-INCAT) for
sampling that can be used to directly extract analytes from
complicated solid samples and deliver them to a gas chro-
matography (GC) system. More specifically, the application
discloses a cooling system to assist and enhance the extrac-
tion efliciency of the analytes.

BACKGROUND

Historically, the chief method of analyzing trace volatile
chemicals (analytes), was solid-phase microextraction
(SPME) which employs a fiber to collect the analyte and
inject 1t into a gas chromatograph (GC) or liquid chromato-
graph (LC) system. This resulted in the capture and 1njection
of only small quantities of the analytes and thus yielded poor
sensitivity. It was discovered that 1f large quantities of vapor
or liquid analyte were drawn through a treated sorbent, the
components of interest would be concentrated. Solvents
were used to selectively remove the analyte from the sorbent
and a small portion of the solvent containing the analytes
was then 1njected 1nto the GC or LC. Concentration of the
sample via a sorbent was an improvement in simplicity and
sensitivity over straight analyte 1njection, but it added many
processing steps to the analysis, which could increase errors.

Moreover, the environmental impact, chemical composi-
tion, concentration trends, and health efiects of airborne
particulate matter have been extensively studied and
described 1n the literature. Current sampling methods
involve the use of gravimetric filters or impact devices, and
a wide variety of light and laser scattering devices. Many of
the analytical methods for determination of chemical com-
position of airborne particulate matter require either sophis-
ticated equipment and/or use strict sample preparation tech-
niques. The task of sampling and analysis of airborne
particulate matter 1s often complicated by the complexity of
particle size, particle iteractions, chemical partitioning
between gaseous and particulate phase, and interactions with
the sampling media. The health effects of inhaled particulate
matter are associated with both the size and shape, as well
as chemical toxicity. One of the better known groups of
analytes from the latter category and also in soils and
environmental waters are polycyclic aromatic hydrocarbons
(PAHs).

Amongst pollutants, PAHs have received increased atten-
tion in recent years due to their suspected carcinogenic
and/or mutagenic nature. PAHs originate in incomplete
combustion, and are commonly found in gasoline and diesel
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2

motor exhaust, as by-products of open fires, industrial
smoke, cigarette and cigar tobacco and smoke. Other

sources 1nclude coal tar, coal tar pitch, wood preserving
agents and coatings, mineral oils, and asphalt. Current most
widely used sampling method, solid phase extraction (SPE),
tor PAHs mvolve the use of high-volume pumps, filters and
sorbent cartridges. These methods require extraction from a
filter (or sorbent) with an appropnate solvent, followed by
subsequent analysis by HPLC with fluorescence or UV
detection, or gas chromatography/mass spectrometry (GC/
MS). Many of these methods require considerable sampling
expertise and sophisticated equipment, long sample collec-
tion and preparation time, and strict extraction procedures.
Thus, there 1s a growing demand for faster, simpler and
cost-ellective sampling for analytical methods for airborne,
water and so1l PAHs without compromising low detection
limits achievable with some of the conventional methods. In
addition, these new techniques should be reusable and
environmentally friendly.

SUMMARY

The mstant application describes a cooling-assisted mside
needle capillary adsorption trap (CA-INCAT) system con-
figured to sample and deliver analyte to an analytical device
e.g. gas chromatograph (GC). Stainless steel needles, may
s1ize similarly to GC injection needles and packed with a
sorbent bed, are used for extraction of samples, followed by
thermal desorption into GC systems. All analytes, by heating
the sample, are released from the soil sample and freely
dissolved 1n the headspace gas and associated with matter
entrained 1n the sample, may be extracted by the device.

The cooling-assisted inside needle capillary adsorption
trap device may include an INCAT, a cooling system, a nano
sorbent, a sample, an extraction vial, a heater, a liqmd CO,,
tank, a solenoid valve, a temperature controller and a
thermocouple.

The above general aspect may include one or more of the
following features. A sorbent may be packed and placed
between the working tip and the side aperture and may be
configured to entrap the analyte within the sample received
within the interior space of the needle.

The side needle capillary adsorption trap device
includes a first end and a second end. The first end, the
syringe tip or the free end, may be configured to engage with
a pump or syringe and the second end, the working tip, 1s
configured to be inserted inside an extraction vial. The
working tip may iclude an opening for receiving the sample
within the body of the INCAT device. The INCAT device
may be inserted into a cooling device on the working tip (out
of extraction vial).

The INCAT device may include gauge 21 stainless-steel
needle with a side hole and 1ts internal surface coated by
multi-wall carbon nanotube/polyaniline (MWCNT/PANI)
nanocomposite. The MWCNT/PANI nanocomposite was
synthesized via an electrochemical polymerization method
on the interior wall of the INCAT device. First, aniline was
dissolved 1n a sodium dodecyl suliate electrolyte (SDS).
Then 0.1 g MWCNT was added to the solution. The solution
was used as the polymerization electrochemical solution.
Two similar 21 G needles were used as anode and cathodes,
respectively. A peristaltic pump was used to flow the solu-
tion through the needles. By applying a voltage equal to 1.4
V, the MWCNT/PANI was formed inside of the inside
needle capillary adsorption trap device. To avoid losing the
sorbent while operating, the needle was heat-treated in an
oven for 1 hour at 280° C. under nitrogen atmosphere.
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The additional details of the present application are set
forth 1n the accompanying drawings and the description
below. Once the details of the application are known,

additional alternatives and changes will become obvious to
one skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Features of the subject technology are set forth in the
appended claims. However, for purpose of explanation,
several implementations of the subject technology are set
forth 1n the following figures.

FIG. 1 1llustrates a schematic of a cooling-assisted 1nside
needle capillary adsorption trap (CA-INCAT) system
according to one implementation of the instant application.

FIG. 2 illustrates an exemplary inside needle capillary
adsorption trap (INCAT) device with a side hole according
to one 1mplementation of the instant application.

FIG. 3 1llustrates the synthesizing, electropolymerization
and electrodeposition process of the sorbent.

FIG. 4 illustrates scanning electron microscopy (SEM)
images ol the synthesized multi-wall carbon nanotube/
polyaniline-composite (MWCNT/PANI) nanocomposites.

FIG. 5 shows the FI-IR spectrum of a) the synthesized
multi-wall carbon nanotube (MWCNT) and b) multi-wall
carbon nanotube/polyaniline-composite (MWCNT/PANI)
nanocomposite.

FIG. 6 shows GC-FID chromatogram of the PAHs

extracted using CA-INCAT method a) spiked soil real
sample (b) unspiked soil real sample.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of examples in order to provide
a thorough understanding of the relevant teachings. How-
ever, 1t should be apparent to those skilled 1n the art that the
present teachings may be practiced without such details. In
other istances, well known methods, procedures, compo-
nents, and/or circuitry have been described at a relatively
high-level, without detail, in order to avoid unnecessarily
obscuring aspects of the present teachings.

The mstant application describes a cooling-assisted inside
needle capillary adsorption trap system configured to sample
and deliver analyte to an analytical device e.g. gas chro-
matograph. Stainless steel needles, may size similarly to gas
chromatographic injection needles and packed with a sor-
bent bed, are used for extraction of samples, followed by
thermal desorption imnto GC systems. All analytes, by heating,
the sample, are released from the soil sample and freely
dissolved 1n the headspace gas and associated with matter
entrained 1n the sample, may be extracted by the device.

In one mmplementation, the sorbent 1s coated into the
interior surface of a needle between the working tip and a
side hole. For desorption, the needle 1s 1nserted into the hot
injector of gas chromatograph with a narrow-neck liner. The
syringe tip seal against the carner gas, however, the carrier
gas 1s diverted into the needle through the side hole, sub-
sequently passing the sorbent, and analytes are thermally
desorbed and carried mto the GC column. Inside needle
capillary adsorption trap device may be used for either spot
(grab) sampling or integrated (time-weighted sampling). For
spot sampling a gas tight syringe or gas sampling pump may
be connected to the free end of the needle and used to draw
a pre-defined sample volume through the needle. The gas
concentration 1s determined by determining the amount of
analyte desorbed and dividing by the sample volume.
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For integrated sampling, the syringe tip and side-hole are
sealed and the open working tip of the needle 1s exposed to
the sample for an extended period of time. The open working
tip of the needle provides a suitable diflusion restriction to
provide for analyte uptake rates proportional to sample
concentration for several hours. The amount desorbed 1s thus
related to the average sample concentration during the entire
exposure time.

As for other gas sampling sorbent tubes, sampling rate
and volume should be standardized and minimum break-
through volume should be determined for the target sample
during method development. Instrumentation to facilitate
automated processing of needle trap device 1s commercially
available for both desorption of multiple field-sampled
needle trap device and automated extraction and desorption
from sample vials. Automated processing also simplifies
method development and the workstation 1s compatible with
a variety ol gas chromatographic instruments.

The inside needle capillary adsorption trap (INCAT)
device may be more robust and cost-eflective than solid-
phase microextraction (SPME). The INCAT may also have
a higher sorbent capacity, which makes 1t capable of per-
forming exhaustive extraction. Depending on the concen-
tration of analytes in the sample, the devices may be re-used
from a few to dozens of times. To date INCAT has been used
primarily for environmental analysis and breath analysis but
1s amenable to application for additional analytical chemis-
try applications. Sampling from headspace of water or solid
samples by INCAT 1s a new and challenging topic in this
area.

FIG. 1 1illustrates a cooling-assisted inside needle capil-
lary adsorption trap (“CA-INCAT™) device 1 accordance
with one implementation of the instant application. The
(“CA-INCAT”) device may include a peristaltic pump 1, a
Teflon tube 2, a normal stainless steel needle 3, an INCAT
stainless steel needle 4, a silicon septum 5, a thin layer of
MWCN'T-PANI composite nanosorbent 6, a cooling system
7, a plastic crimp cap 8, a standard SMPE sample vial 9, a
sand-bath 10, an electric heater 11, a sample 12, a thermo-
couple 13, a temperature controller 14, a solenoid valve 15,

a solenoid valve 17, a main fluud tank 18, a pressure
regulator 19, and a fluid tank 20.

The peristaltic pump 1 may include FLEXIFLO ENTER-
NAL PUMP, Ross Products, Columbus, Ohio, USA, 1n one
specific example. The Teflon tubes 2 are coupled to the
peristaltic pump 1 and the needles 3 and 4 and are configured
for circulation of the headspace of sample 12. The normal
stainless steel needle 3 may be normal stainless steel needle
(G21) only for allowing the circulation of the headspace
inside the standard SMPE sample vial 9. The INCAT stain-
less steel needle 4 may be INCAT stainless steel needle
(G21) with a side hole. The portion of the interior surface of
needle 4 may be coated by PANI/MWCNT nanocomposite
by electrodeposition method. The needle 4 includes a first
end and a second end. The first end, the syringe tip or the
free end, may be configured to engage with a pump 1 or
syringe via Teflon tube 2 and the second end, the working
tip, 1s configured to be inserted inside the headspace of an
extraction vial 9. The extraction vial 9 may be 40 mL
standard SPME sample vial from Supelco, in one specific
example.

The extraction vial 9 may be placed 1nside a sand-bath 10
for uniform heating by an electric heater 11. The working tip

of needle 4 may include an opening for receiving the
headspace of sample 12 within the body of the CA-INCAT
device. The CA-INCAT device may be covered by the

cooling device 7 on the working tip needle 4. The cooling
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system 7 may be located on the lower side of the needle 4
and covers the part of needle 4, which contains the nano-
composite sorbent 6. The cooling system 7 includes two
concentric copper tubes with first (outer tube) copper tube
2.5 cm 1n length and 0.9 cm and 1.0 cm 1n mner and outer
diameters, respectively, and the second (inner tube) copper
tube 2 cm 1n length and 0.5 cm and 0.6 cm 1n inner and outer
diameters, respectively. The second tube 1s placed within the
first tube. The concentric tubes thereby make a jacket with
a hollow cylindrical space between the tubes that provides
the path for the coolant fluid.

In order for the coolant fluid to enter and exit the cooling
device 7, which includes the cylindrical hollow space
between the concentric tubes, there are two side holes on the
outer tube. The cooling process takes place between the
concentric tubes. The coolant enters the first hole, flows on
the surface of the nner tube and cools down the sorbent 6
which 1s covered by the mner tube. The first side hole, near
one end of the outer tube, 1s attached to a 5 cm-long stainless
steel capillary tube and used as the inlet channel for the
coolant fluid. Another side hole on the outer tube, and near
the other end of the outer tube, 1s attached to a 7 cm-long
stainless steel capillary tube as the outlet channel for the
coolant fluid. Choosing difference-sized capillary tubes may
be for inducing a pressure difference inside the cooling
device to enhance the efliciency of the liquid CO,, expansion
and consequently cooling process. A silicon septum 5 seals
the cooling system’s end 7 to prevent gas leakage. A plastic
crimp cap 8 coats the silicon septum 5.

A fluid tank 20 1s attached to the cooling system 7 to store
the coolant flmd. Stainless steel tubes for entering of liquid
CO2 and exiting of CO2 gas from the cooling capsule (the
entrance tube was 19XX-G, located near the bottom of the
inter-walls space of the copper tubes and the exit tube was
22XX-@G, located near the top of 1t). A thermocouple 13 1s
attached to the outside of the outer concentric tube and
coupled to the temperature controller 14. The thermocouple
13 measures the temperature inside the cooling device 7 and
sends 1t to the temperature controller 14. The thermocouple
13 may be fixed onto the surface of cooling system 7 using
an 1sulating Teflon cover (in addition to fixing of thermo-
couple, the cover prevents cold’s loss).

The temperature controller 14 1s connected to the ther-
mocouple 13 and equipped with a logic circuit and suitable
software to record temperature data at preset intervals.

The cooling device 7 covers the sorbent 6, which 1s
located 1nside the working tip of the mnside needle capillary
adsorption trap device. The sorbent 6 adsorbs the analyte
from the sample 12. The sample 12 may be soi1l sample
which 1s directly poured into the sample vial 9 and analyzed
without any pretreatment step. Wires 15 connecting the
temperature controller 14 to the solenoid valve 17 turn ofl/on
the solenoid valve 17 based on the preset program of the
temperature controller 14 which 1s equipped with a logic
circuit and a software to record temperature at preset inter-

vals. The solenoid valve 17 may be 220 VAC/50/60 HZ, 0.25
bar/Class E, Mahar Fan Abzar Co., Tehran, Iran, 1n one
specific example.

The controller 14 1s configured to control the coolant fluid
flow through the solenoid valve 17 (0.25 bar/class E, 50/60

Hz, 220V AC, G1/8). The coolant fluid flows through a
stainless steel tube 16 form the solenoid valve 17 to the
entrance of the cooling device 7. Another stainless steel tube
18 delivers the coolant fluid from the flmd tank 20 to the
solenoid valve 17. The pressure of the fluid i1s controlled by
a pressure regulator and valve 19 on the fluid tank 20.
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The sample 12 1s placed 1n an extraction vial 9. In the
extraction vial 9 the sample 12 will be heated by a sand-bath
10 around the sample vial 9 and on top of a heater 11 to
enhance the extraction of the analyte. The heater 11 may be
clectric hotplate (Heidolph, Germany), in one specific
example.

The released analyte from the sample matrix then enters
the working tip of the mside needle capillary adsorption trap
device (by circulation through a peristaltic pump 1), where
it 1s adsorbed by the nanosorbent 6. Since adsorption of the
analyte to the surface of the nanosorbent 6 1s exothermic 1n
nature, the nanosorbent 6 section of the inside needle
capillary adsorption trap device may be cooled by the
cooling system 7 to enhance the efliciency of the adsorption
process. A peristaltic pump 1 attached to the syringe tip of
the 1nside needle capillary adsorption trap device may be
used for suctioning the headspace and then returning sample
in the headspace to the extraction vial 9 for exhaustive
adsorption of entire analyte. The extraction process 1s
assisted by cooling down the nanosorbent 6 temperature to
increase the adsorption efliciency of the nanosorbent 6 via a
cooling system 7. The extraction vial 9 may be covered by
cap 8. The cap 8 may be plastic crimp cap with a PTFE-
coated silicone septum.

FIG. 2 illustrates an exemplary inside needle capillary
adsorption trap device 200. The inside needle capillary
adsorption trap device 200 includes a working tip 210, a
syringe tip, a side hole, and a sorbent thin layer covered
inside the mnside needle capillary adsorption trap device 200
between the working end 210 and the side hole. The working
tip of the 1nside needle capillary adsorption trap device 200
surrounded by the cooling system 1s positioned inside an
extraction vial. Upon heating the sample by the heater below
the extraction vial, the analyte releases from the sample and
enters the working end of the 1nside needle capillary adsorp-
tion trap device 200 where it adsorbs on the nanosorbent
surface. The un-adsorbed part of the analyte may be sucked
by the peristaltic pump and be returned to the extraction vial
for further extraction. Unlike the conventional methods
where some sample preparation step 1s required to extract
the analytes, the needle trap device 1s mntroduced into a
conventional GC 1njector for sample desorption without
turther preparation steps. The advantages of such a system
are many, €.g., the extraction trap device may not require
sample pretreatment and solvents mmvolved and the total
sampling and analysis time may be relatively short and
significantly reduced when compared to many existing
methods. As such, 1t can serve as a screening tool, wherever
fast analysis 1s needed. In addition, such a device can also
serve as a time-weighted average sampler, where either
continuous sampling over long sampling time or a sequence
of short sampling events within a required sampling period
1s used.

FIG. 3 illustrates the synthesizing process 300 of the
sorbent. On the left side, the stainless steel tube as the
electrodes and the reactant, aniline 310 and multiwall carbon
nanotube 312 are shown. The mnside needle capillary adsorp-
tion trap device may include gauge 21 stainless-steel needle
with a side hole packed with multi-wall carbon nanotube/
polyaniline-composite (MWCNT/PANI). The multi-wall
carbon nanotube/polyaniline-composite (MWCNT/PANI)
was synthesized via an electrochemical polymerization
method on the imterior wall of the inside needle capillary
adsorption trap device. First, aniline 310 was dissolved 1n a
sodium dodecyl sulfate electrolyte (not shown). Then 0.1 g
multi-wall carbon nanotube 312 was added to the solution.
The solution was used as the polymerization electrochemaical
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solution. Two similar 21 G needles were used as anode and
cathodes, respectively. A peristaltic pump was used to tlow
the solution. By applying a voltage equal to 1.4 v, the
MWCNT/PANI 314 was formed 1nside of the inside needle
capillary adsorption trap device. To avoid losing the sorbent
while operating, the needle was heat-treated 1n an oven for
1 hour at 280° C. under mitrogen atmosphere.

FIG. 4 illustrates scanning electron microscopy (SEM)
images of the synthesized multi-wall carbon nanotube/
polyaniline-composite (MWCNT/PANI) nano-composites.
FIG. 5 also shows the FI-IR spectrum of the synthesized
multi-wall carbon nanotube (a) and multi-wall carbon nano-
tube/polyaniline-composite (MWCNT/PANI) nanocompos-
ites (b).

FIG. 6 shows a GC-FID chromatogram of the PAHs
extracted from a contaminated soil sample which was car-
ried out by the CA-INCAT of the present application. The
extraction temperature was 120° C., extraction duration 15
min, needle temperature 0° C., sampling flow rate with
pump 6.25 mlL/min, humidity 30 pl. H,O/10 g sample,
desorption time 4 min, and the desorption temperature 280°
C. The Limait of Detection (LOD) of 5 PAHs was 0.00001 -
0.001 ng/g and the Relative Standard Deviation (RSD) was
7.7%-41.0%.

To cool the sorbent, liquid carbon dioxide may be used. A
10 L liquid tank 1s connected to the cooling device through
a solenoid valve which controls the fluid flow. A thermo-
couple attached to the surface of the outer tube of cooling
device, measures the temperature of the sorbent and a
temperature controller controls the solenoid valve state.
When the temperature exceeds a pre-determined threshold,
the temperature controller mstructs the solenoid valve to
open lfurther. The temperature controller closes the solenoid
valve when the temperature nside the mside needle capil-
lary adsorption trap device becomes less than a pre-deter-
mined threshold.

In one implementation, aiter extracting the analyte on the
sorbent, the inside needle capillary adsorption trap device
may be detached from the extraction vial injected into the
injection port of a chromatograph e.g. GC-FID to separate
and measure the analyte quantitatively. The free end of the
needle may be sealed by silicon septum to avoid the carrier
gas from purging.

The separation of various components 1n the examples
described above should not be understood as requiring such
separation 1n all examples, and it should be understood that
the described components and systems can generally be
integrated together 1n a single packaged into multiple sys-
tems.

While the foregoing has described what are considered to
be the best mode and/or other examples, it 1s understood that
vartous modifications may be made therein and that the
subject matter disclosed herein may be implemented 1in
various forms and examples, and that the teachings may be
applied 1n numerous applications, only some of which have
been described herein. It 1s intended by the following claims
to claim any and all applications, modifications and varia-
tions that fall within the true scope of the present teachings.

Unless otherwise stated, all measurements, values, rat-
ings, positions, magnitudes, sizes, and other specifications
that are set forth 1n this specification, including 1n the claims
that follow, are approximate, not exact. They are mtended to
have a reasonable range that 1s consistent with the functions
to which they relate and with what 1s customary 1n the art to
which they pertain.

The scope of protection 1s limited solely by the claims that
now follow. That scope 1s intended and should be interpreted
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to be as broad as 1s consistent with the ordinary meaning of
the language that 1s used in the claims when interpreted in
light of this specification and the prosecution history that
follows and to encompass all structural and functional
equivalents. Notwithstanding, none of the claims are
intended to embrace subject matter that fails to satisiy the
requirement of Sections 101, 102, or 103 of the Patent Act,
nor should they be interpreted 1n such a way. Any unin-
tended embracement of such subject matter 1s hereby dis-
claimed.

Except as stated immediately above, nothing that has been
stated or illustrated 1s intended or should be interpreted to
cause a dedication of any component, step, feature, object,
benefit, advantage, or equivalent to the public, regardless of
whether 1t 1s or 1s not recited 1n the claims.

It will be understood that the terms and expressions used
herein have the ordinary meaning as i1s accorded to such
terms and expressions with respect to their corresponding
respective areas of inquiry and study except where specific
meanings have otherwise been set forth herein. Relational
terms such as first and second and the like may be used
solely to distinguish one enfity or action from another
without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The
terms “‘comprises,” “‘comprising,” or any other variation
thereol, are intended to cover a non-exclusive inclusion,
such that a process, method, article, or apparatus that com-
prises a list of elements does not include only those elements
but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An
clement proceeded by “a” or “an” does not, without further
constraints, preclude the existence of additional identical
clements in the process, method, article, or apparatus that
comprises the element.

The Abstract of the Disclosure 1s provided to allow the
reader to quickly ascertain the nature of the technical dis-
closure. It 1s submitted with the understanding that it will not
be used to imterpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t
can be seen that various features are grouped together in
various implementations for the purpose of streamlining the
disclosure. This method of disclosure 1s not to be interpreted
as reflecting an intention that the claimed implementations
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter lies 1n less than all features of a single
disclosed implementation. Thus the following claims are
hereby incorporated 1nto the Detailed Description, with each
claim standing on 1ts own as a separately claimed subject
matter.

What 1s claimed 1s:

1. A cooling-assisted inside needle capillary adsorption

trap system comprising:

a needle including a first end and a second end and a side
aperture positioned between the first end and the sec-
ond end, and the side aperture being configured to enter
a carrier gas into an interior surface of the needle
INCAT for complete releasing and eluting of the ana-
lytes from the interior surface of the needle;

a MWCNT/PANI nanocomposite sorbent included iside
the interior surface of the needle between the second
end and the side aperture and configured to entrap the
analytes within a sample recerved within the interior
space ol the needle; and

a cooling device configured to cool the sorbent and
includes an inner tube and an outer tube, the outer tube
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having a diameter larger than the inner tube and 1nclud-
ing a first aperture and a second aperture;

a first capillary tube coupled to the first aperture and
configured to be an 1nlet channel for a coolant fluid for
cooling the sorbent; and >

a second capillary tube coupled to the second aperture and
configured to be an outlet channel for the coolant fluid,
wherein

the mner tube 1s approximately 2.5 cm 1n length and 0.5
cm and 0.6 cm 1n inner and outer diameters, respec-
tively, and the outer 1s approximately 2 cm 1n length
and 0.8 cm and 1.0 cm in mner and outer diameter
respectively.

2. The system of claim 1, further comprising;: 15

a CO, flud tank coupled to the first capillary tube and
configured to store the coolant fluid;

a solenoid valve coupled to the first capillary tube on a
pathway of the coolant fluid from the fluid tank to the .0
first capillary tube and configured to control a flow of
the coolant fluid flow;

a thermocouple coupled to the outer tube of cooling
capsule to measure temperature of the cooling device;
and

25

a temperature controller configured to control an opera-
tion of the solenoid valve based on the temperature
measured by the thermocouple.

10

3. The system of claim 2, further comprising:

an extraction vial configured to hold the sample and
receive the second end of the needle from an opening
in a top portion of the extraction vial; and

a sand-bath on the top of a heating device placed around

the extraction vial and configured to heat the sample.

4. The system of claam 1, wherein a peristaltic pump
coupled to the first end of the needle 1s configured to
circulate an analyte for adsorbing on to the sorbent in the
interior surface of the needle.

5. The system of claim 1, wherein the needle 1s made of
stainless steel.

6. The system of claim 1, wherein the needle 1s approxi-
mately 21-G 1 diameter.

7. The system of claim 1, wherein the sorbent 1s multi-
wall carbon nanotube/polyaniline-composite.

8. The sorbent of the claim 7, wherein the sorbent was
made by a 2-electrode electrochemical polymerization tech-
nique.

9. The sorbent of the claim 8, wherein an electrolyte 1s a
mixture of multiwall carbon nanotube and aniline 1n sodium
dodecyl sulfate.

10. The system of claim 1, wherein the capillary tubes are
made of stainless steel, wherein the first tube, the coolant
fluid 1nlet, 1s approximately 5 cm 1n length and the second
tube, the coolant tluid outlet, 1s 7 ¢cm 1n length.

11. The system of claim 1, wherein the coolant fluid 1s
liquid carbon dioxide.
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